This study aims to compare the serum pyridinoline (Pyd) levels between rheumatoid arthritis (RA) patients and healthy controls and to determine the correlation of serum Pyd levels with radiographic joint erosions. Patients and methods: Serum samples were obtained from 48 patients with RA (9 males, 39 females; mean age 60.5 years; range 54 to 64 years) and 48 healthy controls (9 males, 39 females; mean age 57.5 years; range, 47 to 65 years). The enzyme-linked immunosorbent assay method was used for quantitative analysis of serum Pyd. Besides, all RA patients were assessed for joint damage based on modified Sharp score, disease activity based on disease activity score in 28 joints and functional capacity based on health assessment questionnaire-disability index. Results: The median serum Pyd levels were significantly higher among the RA patients (110.20 ng/mL [92.30-120.64]) compared to the controls (98.22 ng/mL [85.54-111.41]); p<0.05. RA patients with erosive disease had significantly higher serum Pyd levels (p=0.024). There was a significant positive correlation between serum Pyd levels and joint erosion score (r=0.285, p=0.049). The serum Pyd levels had no demonstrable association with disease activity or functional capacity. Steroid therapy did not appear to influence the levels of serum Pyd. Conclusion: Rheumatoid arthritis patients had significantly higher levels of serum Pyd compared to healthy controls. The serum Pyd levels had significant correlation with radiographic joint erosions which reflected disease damage.
Rheumatoid arthritis (RA) is a disease with symmetrical polyarthritis that is characterized by soft tissue swelling, periarticular erosions and joint space narrowing. 1 RA is associated with secondary osteoporosis due to systemic bone loss. There are multiple factors that lead to bone loss in RA including systemic inflammation, reduced physical activity and the usage of glucocorticoids. 2 Multiple pro-inflammatory cytokines have been implicated in the pathogenesis of RA such as interleukins 1, 6, 23 and tumor necrosis factor-alpha. The macrophages tend to activate receptor activator of nuclear factor kappa-B ligand (RANKL) promoting osteoclast differentiation leading to the damage of the bones and cartilages.
Bone loss may occur starting from the very early stages of RA, but need not necessarily correlate with inflammatory parameters. 1 In a prospective clinical study by Kaltenhäuser et al., 3 multivariate analysis of independent contributions of covariates to progression of joint destruction showed no significant association with clinical variables or acute phase reactants. Till today, there is still a profound lack of biochemical predictors of joint erosions in RA.
Pyridinoline (Pyd) is a 3-hydroxypyridinium derivative which is an intermolecular cross-link compound of type I and II collagen. 4 It is formed during extracellular maturation of fibrillary collagens and bridges several collagen peptides to stabilize the collagen molecules. 5 It is mainly found in the bones and some are present in other tissues such as cartilage and aorta. 6 During bone resorption, the cross-linked collagens will be broken down and are released into the circulation and excreted in the urine both in free form (40%) and in peptide-bound form (60%). 6 Since bones have a much higher turnover rate compared to the other tissues, the levels of serum and urine Pyd are mainly derived from the bones. 5 It is a marker of bone resorption based on bone biopsy and radioisotope kinetics studies. 7 In RA, destruction of bones may contribute to increased levels of Pyd. Theoretically, Pyd levels are expected to correlate well with the severity of joint erosions. Several studies have pointed out that urine Pyd levels were markedly elevated in RA patients compared to healthy controls. [8] [9] [10] In a double-blinded, randomized study by Garnero et al., 11 increased baseline levels of urinary Pyd were associated with a higher risk of progression of joint damage over one year, independent of baseline joint damage, treatment or disease activity.
There are many RA studies in the literature on urine Pyd and most of them focused more on disease activity rather than the degree of joint damage. [12] [13] [14] There is still a paucity of data on serum Pyd in RA and its association with radiographic joint erosions. Hence, in this study, we aimed to compare the serum Pyd levels between RA patients and healthy controls and to determine the correlation of serum Pyd levels with radiographic joint erosions.
PATIENTS AND METHODS
This was a monocentric, cross sectional, case-control study which was conducted between June 2016 and February 2017 at Department of Internal Medicine, Universiti Kebangsaan Malaysia. A total of 48 patients with RA (9 males, 39 females; mean age 60.5 years; range 54 to 64 years) were recruited from the Rheumatology Clinic of UKMMC. The inclusion criteria for the RA patients were: (i) patients with confirmed RA based on the American College of Rheumatology 2010 criteria; 15 (ii) patients aged 18 years and above; and (iii) patients who were able to provide written or verbal consent. The exclusion criteria were: (i) pregnant patients; (ii) patients with underlying renal impairment; (iii) patients who underwent parathyroidectomy; (iv) patients on antiresorptive agents such as bisphosphonates and denosumab; and (v) patients with malignancy. The 48 control subjects (9 males, 39 females; mean age 57.5 years; range, 47 to 65 years) were age-and sex-matched healthy individuals and the above mentioned exclusion criteria were applied to the controls. Individuals with poor command of English or Bahasa Malaysia were briefed with the assistance of an interpreter. The study protocol was approved by the Universiti Kebangsaan Malaysia Ethics Committee (Study Code: IP-2014-053). A written informed consent was obtained from each participant. The study was conducted in accordance with the principles of the Declaration of Helsinki.
Sample size was calculated by using the Power Sample Size software (NCSS Statistical Software, Utah, USA) and based on values from a similar study by Kim et al. 16 The calculated number of patients needed in each arm was 43. To provide a slight margin of error given the possibility of 10% drop out, a total of 48 subjects were recruited for each arm. The power of study was set at 80% with a 5% level of significance.
The demographic data such as age, sex, race, body mass index (BMI) and menopausal status (for females) were recorded. Data on disease duration, seropositivity and medications for the RA subjects were collected by reviewing the medical records. RA subjects who tested positive for either rheumatoid factor and or anti-citrullinated cyclic peptide were labelled as having seropositive disease. All subjects were tested for serum Pyd levels. Besides, subjects with RA were assessed for their disease activity based on the Disease Activity Score in 28 joints (DAS28) and interviewed to determine the health assessment questionnaire-disability index (HAQ-DI) scores by a single interviewer. Their hand radiographs were scored using the modified Sharp score (MSS) by a single radiologist who was blinded to the subjects. Serum Pyridinoline in Rheumatoid Arthritis Disease Activity Score in 28 joints is a quantitative measure of disease activity in RA. It has a validated formula which is used worldwide particularly in clinical trials. 17 The four parameters used to calculate DAS28 are a 28 swollen joint count (range 0-28), a 28 tender joint count (range 0-28), C-reactive protein or erythrocyte sedimentation rate (ESR), and the patient's global assessment (range 0-100). 18 We used the ESR to calculate DAS28 in all subjects to be more uniform. The disease activity can be divided into four main categories as high disease activity (a value of more than 5.1), moderate disease activity (between 3.2 and 5.1), low disease activity (between 2.6 and below 3.2) and remission (less than 2.6). Patients with moderate to high disease activity are considered to have active disease. 17 The radiographic scoring system in RA has been established and modified since 1971. 19 The most popular scoring method used in numerous landmark trials was the van der Heijde modification of the Sharp scoring system. 20 The MSS looks at the joint erosions and joint space narrowing in the hands, wrists and feet. In this study, the feet were excluded. The joints were examined for erosions at 16 sites with scores of 0 (normal) to 5 (complete collapse of joint). There were 15 sites in each hand and wrist which were examined for joint space narrowing on a scale of 0 (no narrowing) to 4 (complete loss of joint space). The maximum total erosion and narrowing/subluxation scores of the hands are 160 and 120 units, respectively. 20 The HAQ-DI is a validated and patientorientated assessment tool to determine the functional ability of RA patients. The assessment includes questions on fine movements of the upper extremity, locomotor activities of the lower extremity, and activities that involve both upper and lower extremities. 21 There are 20 questions in eight categories that represent a comprehensive set of functional activities including dressing, rising, eating, walking, hygiene, reach, grip, and usual activities. The patient's responses are scored from 0 (no disability) to 3 (completely disabled). 22 Approximately 3-5 mL morning blood samples were collected from the subjects and the serum concentration of Pyd was measured using an enzyme-linked immunosorbent assay. The kit (Elabscience, Wuhan, China) was precoated with antibody specific to Pyd. 23 The samples were stored at 4°C and then centrifuged at approximately 3000 rpm for 15 minutes. Trained laboratory technicians were appointed from the Department of Medical Microbiology and Immunology to perform the test. The medical laboratory technologists were blinded to the cases. The value of serum Pyd was measured in ng/mL. 
Statistical analysis
All data were analyzed using the IBM SPSS version 23.0 software (IBM Corp., Armonk, NY, USA). The continuous variables were tested for normality using Kolmogorov-Smirnov test. As all the variables were not normally distributed, the data were analyzed using the Mann-Whitney U test and expressed as median (range). The categorical variables were analyzed using the Fisher's exact test. The strength of the above association was identified using the Spearman's rank-order correlation test. A p value of less than 0.05 was considered significant. A receiver operating characteristic (ROC) curve analysis was performed to determine the sensitivity and specificity of serum Pyd at different cut-off values.
RESULTS
The RA patients and the controls were matched in terms of age, sex, ethnicity and BMI. Although the proportion of post-menopausal females was higher in the RA group (87.5%), the difference did not reach statistical significance. The sociodemographic characteristics of the study subjects were shown in Table 1 .
The median disease duration was 7.00 years (range, 3.25-16.00 years) and a majority of the patients were seropositive (84%). A significant proportion (62.5%) of the patients had active disease (moderate to severe disease activity). Erosive disease was present in 26 patients (54.2%) with median score of 2.00 (range, 0-10.00) while joint space narrowing (JSN) was detected in 40 patients (83.3%) with a median score of 33.00 (range, 6.00-54.75).
In terms of functional ability, 16 patients (33.3%) had significant disability with a HAQ-DI of ≥1. More than half of the patients were on double or triple therapy of disease-modifying antirheumatic drugs (DMARDs) (53.2%). The conventional DMARDs received by the subjects included methotrexate, sulfasalazine, leflunomide and hydroxychloroquine. Four patients (8.5%) were on biologic therapy (etanercept, adalimumab # Sum of rheumatoid factor and anti-citrullinated cyclic peptide positive was higher than total number of rheumatoid arthritis subjects as there were subjects who tested positive for both antibodies. and tocilizumab) and 17 (35.4%) were on steroid therapy. All results were summarized in Table 2 . 30-148.16 ] ng/mL). Steroid therapy (p=0.336) did not significantly influence the levels of serum Pyd (Table 3) . Table 4 summarizes the correlation analysis. There was a significant positive correlation between serum Pyd level and the erosion score (p=0.049). On linear regression analysis, serum Pyd level had a significant positive relationship with erosion score (p=0.043). In keeping with the above mentioned finding, the serum Pyd level was significantly higher in patients with erosive disease compared to those with non-erosive disease (p=0.024) ( Table 4 ) despite no significant difference in the proportion of postmenopausal females among patients with erosive disease or non-erosive disease. However, the strength of the relationship between serum Pyd level and erosion score was considered weak as the r value was 0.285. The cut-off serum Pyd level which predicts erosive disease based on the ROC curve analysis was 107.28 ng/mL with a sensitivity of 61.5% and specificity of 62.3% (area under the ROC curve: 0.688, p=0.005, 95% confidence interval of 0.569 to 0.808).
The correlation between serum Pyd levels and JSN as well as total MSS were insignificant (p=0.605 and p=0.952, respectively). There was no significant relationship between serum Pyd levels and disease activity (p=0.886) or functional ability (p=0.246).
DISCUSSION
This study demonstrated a significantly higher level of serum Pyd in RA patients compared to healthy controls (p<0.05). This finding was consistent with a previous study in 2003 by Müller et al., 24 which showed that Pyd levels were more elevated in RA patients compared to not only normal population but also osteoarthritis and psoriatic arthritis patients. Along these lines, there were many studies in the past that have pointed out that urinary excretion of Pyd was increased in arthritis patients. 8, 25 The use of serum Pyd as an investigational tool in RA is certainly less cumbersome than urine Pyd. Urine samples for urine Pyd ideally have to be secondvoid fasting urine given between 8 to 10 am. 26, 27 The novel finding of this study was the significant positive correlation between serum Pyd level and joint erosion score (r=0.285, p=0.049). Our RA subjects with erosive disease had significantly higher levels of serum Pyd than those without erosions (p=0.024). Higher levels of Pyd indicate higher degree of bone destruction. Krabben et al. 28 reported similar findings. Moreover, Gineyts et al. 29 found that urinary Pyd level was elevated in RA patients with erosive disease and the levels correlated with the number of affected joints. Bone resorption in the periarticular bone gives rise to joint erosions in RA. Joint erosions in RA are due to increased osteoclastic activity when the ratio between osteoprotegerin and RANKL is decreased resulting in collagen fragments in the form of free Pyd getting released into the blood circulation. 30, 31 High baseline levels of urine Pyd were associated with increased risk of progression of joint destruction over one year in early RA. 11 We found no significant relationship between the level of serum Pyd and disease activity (p=0.945). Kaufmann et al. 12 in 2003 had parallel findings. They found that unlike serum Pyd, urine and synovial fluid Pyd levels correlated with disease activity in RA. Many studies have highlighted that urine Pyd levels were related to disease activity. 13, 14, 32 Hence, urine Pyd levels may not necessarily correspond to the serum levels, probably owing to metabolic or elimination processes.
We also demonstrated that the level of serum Pyd was higher in postmenopausal females compared to premenopausal females in both study groups. However, the results reached statistical significance only in the RA group (p=0.043). Higher levels in postmenopausal females are expected as Pyd is a marker of bone resorption. There is accelerated osteoclastic activity after menopause due to the lack of estrogen. 33 Hassager et al. 34 in 1992 showed that the level of urine Pyd started to increase six months after the last menstrual period and its changes were related to the hormonal levels.
The degree of functional disability among RA patients is a direct consequence of both disease activity and structural joint damage. 35 In most patients, the declining functional capacity is associated with disease activity in early RA and mainly affected by joint damage in the later course of the disease. 36 This study showed no significant correlation (p=0.205) between the level of Pyd and HAQ-DI. This corresponds with the study by Gough et al., 37 which showed no significant relationship between urine Pyd and functional ability. However, HAQ-DI is a subjective method of assessment of functional capacity as it relies upon responses provided by the subjects rather than the physicians' objective assessment.
This study has several drawbacks. The sample size was relatively small for both the RA patients and the healthy controls, since we were unable to recruit more patients due to budget constraints. Furthermore, the scoring of JSN, joint erosions and total MSS were only calculated based on radiographs of both hands and not involving the feet. The full total MSS is a combination score between hands and feet. 38 Although radiographs provide optimal documentation of joint destruction, ultrasound is a more sensitive tool in this regard, which may detect early erosions. 38, 39 Ideally, each subject should have been tested for Pyd levels on two-three separate occasions as the level might fluctuate with time or during the day. The completion of the HAQ-DI questionnaire was interviewer-assisted. Self-completed questionnaires are less prone to investigators' bias.
In conclusion, this study highlights that serum Pyd is a useful biomarker of joint erosions in RA. It appears to correlate well with disease damage but not with disease activity or functional capacity of the patients. Serum Pyd is a potential clinical tool to prognosticate patients which may influence the choice of DMARDs therapy. The rheumatologist may consider advanced therapies early in RA patients with high levels of serum Pyd to prevent joint damage.
